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THE PLUTONIUM AEROSOL MONITORING 
PROGRAM AT ANL-IDAHO FACILITIES 

by 

P. G. Stoddart 

INTRODUCTION 

Argonne National Laboratory is engaged in an extensive research 
and development program involving plutonium as a fuel in fast breeder 
power reac to r s . The ANL-Idaho Facil i t ies have been an integral part of 
this program since its inception. Plutonium has been used as fuel in the 
ZPR-III and is the p r imary fissile component of the EBR-I, Mark IV core. 
Future plans for the use of plutonium at ANL-Idaho will include the 
EBR-II Complex, FARET, and ZPPR. 

An informal study and information program was initiated within 
the Idaho Division Health Physics section in 1958 as a resul t of a ser ies 
of requests from ANL-Idaho staff personnel for data and information on 
the detection and monitoring of plutonium aerosols under conditions of 
reactor operations. The mater ia l assembled in the course of the program 
was originally wri t ten in the form of a se r ies of information memoranda 
circulated within the Idaho Division. These memoranda have been revised, 
augmented, and updated to form the main body of this report . 

The pr imary topics of discussion are certain of the physical and 
radiation charac te r i s t i cs of plutonium aerosols (see Glossary, Appendix D), 
some factors affecting the interpretation of plutonium aerosol samples, and 
the resul ts of investigations by the Idaho Division Health Physics section of 
a number of detecting and sampling devices and techniques as applied to 
plutonium aerosols . The calculated data concerning plutonium are based on 
mater ia l which has not been i r radiated and does not contain significant 
quantities of fission products . 

The discussion is deliberately slanted toward monitoring and 
sampling applications in the vicinity of operating nuclear r eac to r s , since 
these a re the conditions prevailing at ANL-Idaho. 

In the interes t of brevity, laboratory counting equipment and portable 
survey instrumentation, and the related techniques of their use, are not d is ­
cussed. A paral le l study program of these subjects has been in progress at 
ANL-Idaho since 1958. The biological aspects of the inhalation or ingestion 
of plutonium a re not discussed, since adequate t rea tments may be found in 
the l i t e ra ture . The t rea tment assumes familiari ty with the basic principles 
of air sampling, counting, and monitoring devices. 



I. PLUTONIUM AEROSOLS 

A. I so top ic Compos i t i on of P lu ton ium R e a c t o r F u e l 

Ol 4. • • • t „( D,,239 p.,240 p,,24i ^„d Pu^*^, w l th t r a c c s 
P l u t o n i u m IS a m i x t u r e ot P u , r 'u , i-u , anu x ^ , 

of P u " ^ The i s o t o p e s of h igher m a s s n u m b e r a r e f o r m e d by c o n t i n u e d 
n e u t r o n i r r a d i a t i o n of Pu^^' after comple t i on of the i n i t i a l c o n v e r s i o n of 
U"^ to P u " ' . The r e l a t i v e d i s t r i bu t i on of the i s o t o p e s in a g iven m i x t u r e 
is l a r g e l y d e t e r m i n e d by i r r a d i a t i o n h i s t o r y . A n a l y s i s of one p o s s i b l e 
m i x t u r e is a s follows:(1) 

P u " ' 
p^240 

p^241 

p^242 

93.57% 
5.95% 
0.465% 
0.0167% 

The specif ic ac t iv i ty of p lu ton ium, l ike the r e l a t i v e d i s t r i b u t i o n of 
i s o t o p e s , i s dependent on i r r a d i a t i o n h i s t o r y . The spec i f i c a c t i v i t y of the 
m a t e r i a l above was computed to be 1.58 x l O " d i s / m i n - g ( a lpha e m i t t e r s 
only.)(2) The i so top ic a n a l y s e s and c a l c u l a t e d spec i f i c a c t i v i t i e s of s e v e r a l 
s a m p l e s of p lu tonium, of va ry ing i r r a d i a t i o n h i s t o r y , a r e l i s t e d in A p p e n ­
dix A. It should be noted that al l t yp ica l f o r m s of p l u t o n i u m e m i t r a d i a t i o n s 
o the r than a lpha p a r t i c l e s and tha t c a l c u l a t i o n s inc lud ing o t h e r r a d i a t i o n s 
r e s u l t in va lues for speci f ic ac t iv i ty d i f fe ren t f r o m t h o s e g iven h e r e . The 
ca l cu l a t i ons w e r e r e s t r i c t e d to a lpha e m a n a t i o n s only b e c a u s e p l u t o n i u m 
e m i t s m o s t of i ts r a d i a n t e n e r g y as a lpha p a r t i c l e s . 

B. C h a r a c t e r i s t i c s of P l u t o n i u m A e r o s o l s 

The l i t e r a t u r e con ta ins a l i m i t e d a m o u n t of i n f o r m a t i o n on the 
p h y s i c a l c h a r a c t e r i s t i c s of p lu ton ium a e r o s o l s . Much of the m a t e r i a l i s 
b a s e d on e x p e r i m e n t a l w o r k wi th g r a m q u a n t i t i e s of u n a l l o y e d m e t a l l i c 
p lu ton ium of unspec i f ied c o m p o s i t i o n . The da ta a r e not whol ly a p p l i c a b l e 
to ANL-Idaho o p e r a t i o n s , which a r e c o n c e r n e d wi th a l l oys of v a r y i n g d i lu ­
t ion. Some of the m o r e p e r t i n e n t da ta a r e p r e s e n t e d h e r e wi thou t c o m m e n t . 

1- Oxidat ion of Meta l l i c P l u t o n i u m 

M a s s i v e m e t a l l i c p lu ton ium o x i d i z e s r a p i d l y in m o i s t a i r , v e r y 
slowly in d ry a i r . Oxida t ion p r o c e s s e s f o r m an oxide f i lm wh ich i s not fully 
a d h e r e n t and tends to flake off in s m a l l p a r t i c l e s tha t a r e e a s i l y a i r b o r n e in 
r ad io log i ca l l y s igni f icant q u a n t i t i e s . F i n e l y d iv ided m a t e r i a l , such a s l a the 
t u r n i n g s , ch ips , and f i l ings , ox id ize m o r e r a p i d l y or m a y be p y r o p h o r i c , the 



degree or rate depending on previous surface oxidation conditions, relative 
surface-to-volume rat io, and humidity conditions. 

A fire in a mass of metallic plutonium will cause some of the 
resulting oxide to become a i rborne , but the proportion of the original mass 
becoming airborne is quite small , i .e. , 0.0008 to 0.0012%.(3) 

No references were found which concerned large quantities of 
metallic plutonium under conditions of burning or explosion. It is probable 
that conditions of high tempera ture and violent dispersion would significantly 
increase the relative proportion of airborne oxide. 

2. Plutonium Aerosol Par t ic le Sizes 

Several authors have reported data on the sizes of plutonium 
aerosol par t ic les . A wide range of observed part icle s izes , from 0.004/i 
up to approximately 3 fJ., has been reported.(3-5) The reported particle 
sizes are efficiently retained with commonly used a i r -sampl ing filter 
media. In those cases for which the chemical composition of plutonium 
aerosols has been determined, plutonium dioxide was the only mater ia l 
identified. 

3. Radiations from Plutonium Aerosol Samples 

When the radiation hazards ar is ing from the use of plutonium 
are being considered, a distinction must be made between those radiations 
typical of massive plutonium and of extremely small quantities of plutonium. 
The total radiation emission from massive mater ia l derives from a com­
bination of beta par t ic les , gamma photons, inter nal-conversion X-rays , 
spontaneous-fission neutrons, and surface alpha par t ic les . Samples of ex­
t remely small quantities of plutonium, such as would be encountered in an 
aerosol sample, are pr imar i ly alpha and beta emi t t e r s ; radiations other 
than alpha and beta are not significant for detection purposes when small 
quantities of mater ia l are being considered. 

4. Maximum Permiss ib le Concentrations ( M P C ) in Air for 
Plutonium Aerosols 

National Bureau of Standards Handbook 69 is used as the au­
thority for establishment of the MPC(40) for plutonium aerosols(6) (Note: 
MPC(40) is ANL nomenclature for Maximum Permiss ib le Concentration, 
for a 40-hr work week; reference to air is implied). The most pess imis t ic 



u m 

v a l u e , 2.0 x 1 0 - ' V c / c m ^ or 4.4 d i s / m i n - m \ i s u s e d . T h i s va lue i s 
p r o b a b l y c o n s e r v a t i v e . It i s b a s e d on the a s s u m p t i o n tha t bone i s the 
c r i t i c a l o rgan and tha t a l l p lu tonium de t ec t ed is in so lub le f o r m , such 
a s the compounds which could be f o r m e d in an exp los ion or f i r e i n v o l v ­
ing a lka l i m e t a l s . This qual i f ica t ion is n e c e s s a r y b e c a u s e s o d i u m and 
s o d i u m - p o t a s s i u m a l loys a r e used in A N L - I d a h o r e a c t o r s . 

The m o s t p robab le compound f o r m e d by the b u r n i n g of p l u t o ­
n i u m i s p lu tonium dioxide , which i s an inso lub le f o r m . If a l l p l u t o n i u m 
a e r o s o l s w e r e inso lub le , the MPC(40) could be i n c r e a s e d to 4.0 x 10 / i c / 
cm^, or 88 d i s / m i n - m ^ . 

5. Magnitude of a e r o s o l Con tamina t ion 

To i l l u s t r a t e the poten t ia l magn i tude of the p l u t o n i u m a e r o s o l 
p r o b l e m , c o n s i d e r what might conce ivab ly happen if one g r a m of p lu ton iuu 
w e r e to be burned in a c losed r o o m 20 ft^ x 10 ft h igh . C h e e v e r ( 3 ) g i v e s a 
f igure of 0.0012% for the amount of p lu ton ium a e r o s o l r e l e a s e d f r o m a 
burn ing m a s s of p lutonium m e t a l . 

Given: 

Specific ac t iv i ty : 1.58 x l O " d i s / m i n - g 

Quant i ty bu rned : 1 g 

Amount of m a t e r i a l a i r b o r n e : 12 x 10" g 

Ca lcu la t ion : 

1. Act iv i ty in 12 x 1 0 ' ' g (alpha only) : 

(1.58 X 1 0 " d i s / m i n - g ) ( l 2 x lO'^g) = 1.9 x lO ' d i s / m i n 

2. If un i fo rmly d i s p e r s e d in a r o o m 20 x 20 x 10 ft, or with a 
to ta l vo lume of 113 m^, and a s s u m i n g tha t a l l m a t e r i a l r e ­
l e a s e d i s un i fo rmly s u s p e n d e d in a i r , the c o n c e n t r a t i o n 
would be 

1.9 X 10^ d i s / m i n _ , ., , 4 / , 
pj-j 3 - 1.7 X 10 d i s / m i n - m 
113 m^ ' 

3. The MPC(40) for p lu ton ium was g iven a s 4.4 d i s / m i n - m ^ . 
Dividing the p r e v i o u s l y d e t e r m i n e d c o n c e n t r a t i o n by 
4.4 d i s / m i n - m ^ g ives the r e l a t i v e MPC(40) va lue 

1.7 X 10* d i s / m i n - m ^ 

4.4 d i s / m i n - m V M P C ( 4 0 ) = ^ '^ ^ ' ' ' ^ ^ ^ ^ ^ ^ ^ ' 



II. PLUTONIUM AEROSOL SAMPLING AND 
COUNTING TECHNIQUES 

A. Natural Radioactive Aerosols 

Analysis of plutonium aerosol samples is complicated by the 
presence in a i r , at all t imes , of a naturally occurring radioactive aerosol 
of s imilar charac te r i s t i c s , viz., the gases radon and thoron (g^Rn^^^ and 
gjRn^^") and their decay products (also called "daughters" or "progeny"). 
The decay products of radon and thoron are part iculates which tend to 
attach themselves to dust par t ic les in the air and are collected by conven­
tional a i r -sampl ing techniques. 

1. Sample Evaluation 

Radon-thoron daughters are invariably present in the a tmos­
phere in sufficient quantities to mask out the presence of low-level pluto­
nium aerosols when counting is done simultaneously with sampling, or 
when counting is done immediately, or shortly after, sampling. A pro­
cedure adopted by some installations allows about 24 hr of decay time 
before making a count. This normally permits the radon-thoron daughters 
to decay to undetectable or insignificant levels and permits the counting 
of samples for plutonium by simple counting techniques. The disadvantage 
of this procedure is a 24-hr delay between the end of the sample-collection 
period and the determination of the amount of plutonium in the sample. 

Typical freshly collected radon-thoron daughters have an effec­
tive half-life of 30 to 40 min. If several hours a re allowed to elapse before 
counting, the effective half-life is longer, due to the presence of a long 
half-life thoron daughter (Thorium B, with a 10.6-hr half-life). A 24-hr 
decay period allows essential ly all of the short half-lived mate r ia l to decay 
out, and allows the long-lived thoron daughter to pass through two half-lives. 
Assuming a normal condition, a 24-hr decay period allows the activity due 
to natural atmospheric radioactivity to drop to 1% or less of the total initial 
activity present . 

Much work has been done on devices or techniques to d i sc r im­
inate between the emanations from plutonium (and other alpha emit ters) 
and those from radon-thoron daughters. Several methods of achieving 
this discrimination have been examined, and some of these have been 
adopted for use at ANL-Idaho. 

2. Effects of Inversion Conditions 

An atmospheric inversion prevents normal mixing of a i r , with 
the resul t that the air below the inversion layer retains almost all of the 
radon-thoron daughters emitted from the soil. If such a condition exists 



for as little as a few hours, the concentration of radon-thoron daughters 
below the inversion can increase by a factor of ten or more . Where an 
inversion pers is ts for a longer period of time, i.e., several days, the 
radon-thoron concentration may increase by a factor of one hundred or 

more. 

Meteorological records for the NRTS show that inversion con­
ditions exist approximately 50% of the time. Inversions are usually noc­
turnal and dissipate shortly after sunrise. Under some atmospheric 
conditions, usually occurring in the winter months, continuous inversions 
have existed for as long as seven days. Such conditions are often a s s o c ­
iated with large, static, high-pressure a reas . 

B. Conventional Alpha Air Monitors 

The masking effect of radon-thoron daughters on conventional 
alpha-detecting continuous air monitors rules out the use of these devices 
as reliable detectors of low-level plutonium aerosols . However, if high 
levels of plutonium aerosols are a potential hazard, good use can be made 
of conventional monitors in plutonium operations. 

1. The AK-1 Air Monitor 

Three locally constructed, continuous alpha-detecting air 
monitors are being used at ANL-Idaho as "back-up" equipment. The basic 
unit has been designated AK-1. The collecting surface is a 5 x 12-in. sheet 
of HV-70 (l8-mil) filter paper, backed by an expanded metal screen. This 
paper is rated at 97% efficiency for 0.3-;i di-octyl phthalate (DOP) part icles . 
Air is drawn through the filter at a rate of 0.25 m y m i n by a vacuum power 
unit. The detector is a flat probe, 5 x 1 2 in., with a (1.0 ± 0.2)-mg/cm^ 
aluminized Mylar window. The detector anode is a 10-wire "harp" made 
from a single strand of 1-mil stainless steel wire looped around Teflon in­
sulator blocks. The detector gas is 90% argon and 10% methane. The 
detector is mounted directly over the collecting surface at a distance of 
approximately 0.25 in. and is operated as a proportional counter. 

The detector output is fed to a sensitive preamplifier and then 
to a count-rate meter. Readout is in counts per minute. Efficiency is ap­
proximately 30% for plutonium alphas. The system is insensitive to Co'° 
gammas to about 5 r /h r . The monitors are wheel car t-mounted and portable. 

2. AK-1 Operational Experience 

Two AK-1 units have been in service some eight months. In this 
period, no major breakdowns have been experienced and maintenance has 
been minimum. Fi l ters have been changed at i r regular intervals . This was 



done intentionally to determine filter loadings over long sampling periods, 
buildup of long-lived activity, etc. Drops in filter air flow of less than 
10% in 72 hr have been observed under local operating conditions. 

Equilibrium concentrations of radon-thoron daughters have 
produced count ra tes varying between the l imits of 50 cpm and 2,500 cpm, 
with the average value est imated at 200 cpm (0.25 m y m i n , 30% efficiency, 
30% self-absorption in the collecting media). 

3. Efficiency of the AK-1 

The AK-1 unit has not been used under actual conditions of 
major airborne plutonium contamination. Calculations indicate that this 
unit will respond to a I MPC concentration of plutonium aerosol with a 
buildup of 1 dis(alpha)/min-min of sampling t ime. If the a larm setting is 
adjusted to reject alpha activity up to the maximum value observed for 
radon-thoron daughter products, the required a larm t imes would not ex­
ceed the following values: 

Concentration 
Relative MPC(40) 

1 X MPC 

100 X MPC 

1000 X MPC 

Maximum Time 
for Alarm (min) 

4 x 1 0 ^ 

40 

4 

C. Conventional Air Sampling 

The continuous air monitors a re supplemented by the collection 
of spot samples using conventional a i r -sampling techniques and by labora­
tory analysis of samples taken from the continuous air monitors . In the 
majority of cases , these samples a re counted for both beta-gamma and 
alpha activities with conventional laboratory counting equipment. 

1. Calculation of Data 

The resul ts of the sample counts are entered and computed on 
form IHS-ID-1 (Air Sample Data). Complete counting data and computations 
a re shown in detail on this form to provide a basis for possible future ref­
erence or evaluation of the observed resu l t s . This form is prepared in 
duplicate with original copies retained in a permanent file at the originat­
ing Health Physics field office and duplicate copies sent to an alternate field 
office as par t of a s imilar permanent file. All samples which indicate the 
presence of plutonium-alpha air contamination in excess of 10% of MPC(40) 
a re i temized in the section monthly report . 
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2. Immediate Counting 

It is the policy of the Idaho Division Health Physics section to 
perform an "immediate" count on all conventional air samples . The pur ­
pose is three-fold: first, the results of such counts provide reference data 
on the magnitude of radon-thoron daughter concentrations; second, there is 
always a finite probability that an unobserved high-level re lease of pluto­
nium could have occurred and that the plutonium-alpha concentration de­
posited on the filter could be significantly higher than the normally observed 
range of activity for radon-thoron daughters; and third, it is possible, by 
application of a formula based on the natural ratio (beta-gamma:alpha for 
radon-thoron daughters) to ascertain with reasonable accuracy whether or 
not a significant quantity of plutonium is present on a filter, even though 
the plutonium-alpha activity is "hidden" by a moderate to high concentra­
tion of natural radioact ivi ty. ' ' ' 

The follow-up procedures on air sample counting are outlined 
in section operating procedures. A detailed description was not considered 
pertinent to this report. 

D. The Alpha-Beta-Gamma Ratio 

An empirical relationship exists between the alpha- and beta-gamma-
emitting characterist ics of plutonium and of radon-thoron daughters. 
Radon-thoron daughters emit beta and alpha part ic les in a ratio of about 
2.8 betas to one alpha, whereas plutonium emits an alpha part icle coincident 
with some very weak beta and gamma radiations. If a detector system is 
sensitive to high-energy beta and gamma radiations and is , at the same 
time, sensitive to alpha radiations, plutonium will be seen as an essentially 
pure alpha emitter with a beta-gamma:alpha ratio of the order of 1:10 to 
1:100. 

In practice, detectors are used which detect and count separately 
the alpha emanations and the beta-gamma emanations from a sample. The 
outputs of the "alpha" channel and the "beta-gamma" channel a re amplified, 
and then converted to a count rate meter readout, usually in t e rms of counts 
or disintegrations per minute. The outputs of the separate count rate me te r s 
are then compared electronically to determine the ratio beta-gamma: alpha. 

If the relative efficiencies of the alpha and beta-gamma channels 
are approximately equal, or if the related count rate me te r s can be cal i ­
brated to equal response, this type of device will give a readout in t e rms 
of ratio of beta-gamma to alpha. 

If a ratio detection system is used to analyze a sample containing 
both radon-thoron daughters and plutonium, the observed ratio will fall 
below that determined for radon-thoron daughters alone, the exact point 
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being determined by the detect ion-electronics system character is t ics and 
the relat ive concentrations of radon-thoron daughters and plutonium. If 
only a small amount of plutonium is present , the ratio will be shifted 
slightly downward, but perhaps not enough to be significant. As more plu­
tonium is deposited, the ratio will continue to shift downward until a point 
is reached which is obviously below the limit of stat ist ical variation for 
radon-thoron daughters. This is the point at which an adjustable a larm 
mechanism is set to t r igger . The amount of plutonium required to produce 
this effect, i .e. , a drop in the observed ratio beta-gamma:alpha, is a variable 
dependent on the ambient concentration of radon-thoron daughters. 

1. Operational Ratio Monitors 

Typical units using ratio monitors collect aerosols by drawing 
air through a suitably held paper filter of high efficiency (retains 95-97% 
of 0.3-;U par t ic les of di-octyl phthalate -usual ly, Hollingsworth and Vose 
HV-70 or equivalent) and monitor the filtering surface simultaneously with 
a detector capable of detecting both alpha and beta-gamma radiations, with 
some manner of provision for separating the detected pulses into appro­
priate channels. 

The Idaho Division has had a limited amount of operational ex­
perience with two ratio-type continuous a i r monitors . One unit was pur­
chased in 1961. The second unit, built to ANL specifications, was borrowed 
from Argonne's Industrial Hygiene and Safety Division for test purposes 
in 1961. The units represen t two distinct approaches to the ratio detection 
system. 

The f irst unit is designed to utilize a single counting chamber 
with a Mylar window and a single collecting electrode to detect both alpha 
and beta-gamma radiat ions. Separation is accomplished by a system of 
pulse-height sorting. The chamber is operated in the limited proportional 
voltage region. Much difficulty was experienced in the f i rs t eight months 
of operation. A number of electronics adjustments were required on an 
almost continuous basis to keep the instrument in operation. 

It was decided to modify the unit by using dual sampling heads 
and dual detectors . By use of a discriminating alpha detector on one head 
and a discriminating beta-gamma detector on the other head, and feeding 
the respect ive outputs into appropriate amplif iers , a good separation of 
pulses was attained. The modified unit has now operated for some 
ten months. In this period, there were no electronic or mechanical break­
downs, and the ratio system operated in a stable and satisfactory manner. 

The modified unit was placed in operational service at EBR-I. 
Experience at this location indicates that it will perform its function 
sat isfactori ly, but that some interpretat ion of resul ts is necessary because 
of changes in a rea background related to reactor operation and variation in 
observed values for the beta-gamma:alpha rat io. 
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Environmental conditions relative to reactor operation affect 
the operating efficiency of the unit, The primary consideration at EBR-I 
was variation in gamma background incident to reactor operation. In 
effect, an increase in gamma background, which is proportional to reactor 
power, increases the apparent ratio seen by the detection system and de­
creases the sensitivity of the unit. The mode of operation of ANL-Idaho 
reactors is generally a ser ies of short runs at varying power levels. 
Changes in alarm level settings during reactor operation are not feasible 
in what is, theoretically, an unattended automatic monitor. If the a la rm 
level settings are not adjusted, it is apparent that the monitor will be less 
efficient for plutonium-alpha detection during reactor operation. 

Local variations in the natural radon-thoron daughter rat io 
have been observed; this is a factor for which compensation cannot be 
made in an automatic monitor because the variations are not predictable. 

The total effect of the environmental variables noted above 
is to reduce the potential effectiveness of the unit to a point below that 
of the more conventional monitoring devices. Under conditions of normal 
radon-thoron daughter concentration (I-1.5 x 10^ radon dis/min-m^)(8) 
and ratio, it was calculated that the ratio monitor described above would 
respond to a plutonium aerosol concentration of one MPC(40) in 24 hr , 
or to a concentration of 24 times MPC(40) in one hour. Relatively small 
variations in radon-thoron daughter concentration and ratio and in ambient 
gamma background can affect the unit's sensitivity by a factor of ten or 
more. 

The second unit uses the "piggy-back" system of two thin 
counters, one superposed on the other and both counting a common sample 
The detector nearest the sample has a thin Mylar window, which passes 
both alpha and beta-gamma radiations, and is operated as an alpha p ro ­
portional counter with the output biased to count only alphas. This detector 
is mechanically separated from the second detector by an aluminum plate 
sufficiently thick to stop alpha part icles, but thin enough to pass energetic 
beta and essentially all gammas. The second detector is operated on the 
upper end of the limited proportional voltage region. The output from 
each detector is amplified separately and fed to the system count rate 
meter and ratio system. 

The unit was used intermittently in the ZPR-III for about six 
months. It was extremely unstable and required daily maintenance to 
keep it in operation. It was found that the gamma response during and 
shortly after reactor operation made operation of the unit impossible. The 
detector was shielded with lead bricks in an attempt to reduce the response 
to gamma background from the reactor , but again this was not sufficient to 
produce satisfactory resul ts . It would have been possible to deactivate 
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the beta-gamma section and use the monitor as an "alpha-only" monitor, 
but it was believed that this mode of operation could not be justified under 
continuous use. 

In routine "clean a rea" operation, where only radon-thoron 
daughters were present , the ratio response was unstable over extended 
periods. When reasons for variation of the ratio could be established, 
the trouble was t raced to either the sensitivity or high voltage adjustments. 
Complete breakdown of the unit could usually be t raced to defective e lec­
tronic tubes. It is possible that many of the observed troubles could have 
been correc ted by appropriate maintenance, which was not available due 
to insufficient experience with this unit. 

2. Ratio Discrepancies 

Recent data abstracted from conventional a i r - sample records 
at EBR-II and from chart recordings of the ratio monitor at EBR-I indi­
cate some major discrepancies between the locally observed values for 
the beta-gamma:alpha ratio and those reported at ANL-IUinois. 

Normal values of the beta-gamma;alpha ratio a re reported to 
be within the l imits 2.0:1 to 3.5:1. ANL-Idaho records showed less than 
50% of the data between these l imits . The 90% deviation limits for conven­
tional a i r samples were 1.0:1 to 4.5:1 (with 51 samples reported). Chart 
records from EBR-I for the sainple period indicated ratios varying between 
the l imits of 2.0:1 to 7.0:1, with occasional increases to 10:1. Data recorded 
for periods of reactor operation are not included in the values given. 

The data noted here were originally assembled to corroborate 
claims for the ratio principle with respect to its application to automatic 
ratio a ir moni tors . Analysis of the data indicates a number of discrepancies 
between local resul ts and those obtained and reported elsewhere. If the 
local resul ts a re valid, the claims of stability and reliability for monitors 
using this principle a re open to question. 

3. Conclusions 

Operational experience with ratio monitors at ANL-Idaho indi­
cates that the use of automatic ratio monitors in a reactor environment 
should be limited, pending further operational experience with currently 
available units. In theory, the ratio monitor is best used in a stable en­
vironment. The use of ratio monitors at ANL-IUinois has been extremely 
successful in such applications as radiochemical laborator ies and p roces s ­
ing facil i t ies. At ANL-Idaho, the variables encountered in a reactor en­
vironment reduce the reliability and sensitivity of response of ratio monitors 
to a point below that of conventional air moni tors . 
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E. Impaction Monitoring 

1. Principle 

G. W. C. Tait reported a method of separating plutonium a e r o ­
sols from atmospheric radon-thoron daughter aerosols by the use of an 
annular impactor to effect a separation by mass and particle size.V The 
annular impactor is a device in which a jet of high-velocity air is caused 
to make a sharp-angle bend around a curve of very small radius . As the 
jet car r ies a dust particle around the bend, the momentum of the part icle 
causes it to trace a path around the bend with a radius which var ies m a 
direct proportion to the size and specific gravity of the par t ic le . Small, 
low-density particles follow a small radius while l a rger , high-density 
particles t race a curve with a greater radius. 

It is reported that radon-thoron daughters are almost always 
associated with small, low-density particles and that plutonium aerosols 
are composed primarily of somewhat larger and higher density par t i ­
cles.(4,5,8-11) In theory, it is possible to separate radon-thoron daughter 
aerosols and plutonium aerosols by means of the annular impactor. 

Tait reported that if he placed a collecting surface at some 
small distance from the sharp bend of the air jet, small light par t ic les 
would pass through the opening while larger , heavier par t ic les collided 
with or impinged on the collecting surface. By adjustment of the width of 
the impactor annulus it was possible to obtain a distinct separation of 
plutonium aerosols from the naturally occurring radon-thoron daughter 
aerosols . Tail 's impactor used a commercial vacuum cleaner motor as 
a power unit and a small metal disk or planchet as a sample collector. The 
collection surface was usually coated with a thin film of oil to help in r e ­
tention of the impacted particles. 

Tail 's orieinal work was confirmed by a number of independent 
investigators.(4,10,12) jt ig noted, however, that certain other investigators 
disagree with some of the basic assumptions as to plutonium aerosol par­
ticle sizes and the calculations pertaining to theoretical efficiency.(3.13) 
Several investigators have made modifications of Tai l ' s original design, 
but all their units are basically similar in function. The Health Physics 
group at Savannah River has done a great deal of work with adaptations of 
the basic impactor for use in continuous air monitor s .(4.12) 

2- Operational Impaction Monitors 

The Idaho Division, in 1959, built a continuous impactor monitor 
for plutonium aerosols from blueprints furnished by Savannah River .(4,12,14) 
The monitor has been in intermittent use at ZPR-III up to the present t ime. 
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It u s e s v a s e l i n e - c o a t e d M y l a r - b a s e f i lm (70 m m , wi th ASA s t a n d a r d p e r ­
f o r a t i o n s ) a s an i m p a c t i o n s u r f a c e , a v a c u u m c l e a n e r m o t o r a s a power 
uni t , and a s s o c i a t e d d r i v e and d e t e c t i o n s y s t e m s . In o p e r a t i o n , a s a m p l e 
is c o l l e c t e d for 5 m i n on one fixed spot on the t a p e . At the end of the 
5 - m i n p e r i o d , a d r i v e m e c h a n i s m m o v e s t he t a p e to a p o s i t i o n unde r an 
a l p h a - d e t e c t i n g s c i n t i l l a t i o n c o u n t e r wi th a s i m u l t a n e o u s m o v e m e n t of a 
f r e s h s e c t i o n of t a p e to the s a m p l e - c o l l e c t i o n z o n e . The s a m p l e unde r 
the d e t e c t o r i s t h e n c o u n t e d for 5 m i n whi le a f r e s h s a m p l e is be ing d e ­
p o s i t e d at the i m p a c t i o n h e a d . The d e t e c t o r f eeds a c o u n t - r a t e m e t e r 
wh ich r e a d s out on a p a n e l m e t e r and on a g r a p h i c r e c o r d e r . An a l a r m 
s y s t e m is a c t i v a t e d by the m e t e r r e a d o u t (ac tua l ly an a d j u s t a b l e 
m e t e r - r e l a y ) . 

f 13l T h i s m o n i t o r w a s e v a l u a t e d by p e r s o n n e l of IHS-ANL.'^ ' 
The e v a l u a t i o n r e p o r t d i s a g r e e s wi th the r e s u l t s r e p o r t e d by L a p s l e y U ^ ) 
r e g a r d i n g the e f f i c i ency of the i m p a c t i o n s a m p l i n g h e a d for p l u t o n i u m 
f u m e . The b a s i s for d i s a g r e e m e n t i s a d i f f e r e n c e in r e p o r t e d p a r t i c l e 
s i z e s and j e t v e l o c i t y . T h e r e s u l t s of the e v a l u a t i o n i n d i c a t e e s s e n t i a l l y 
100% ef f i c iency for p l u t o n i u m a e r o s o l p a r t i c l e s of s i z e g r e a t e r than 2(n, 
wi th e f f i c iency d r o p p i n g off f r o m 100% at Zjj. t o z e r o p e r c e n t at s u b - m i c r o n 
l e v e l s . 

If a p a r t i c l e s i z e d i s t r i b u t i o n of f r o m 1 to 3;U can be a s s u m e d , 
the d e v i c e i s c a l c u l a t e d t o h a v e a m a x i m u m s e n s i t i v i t y of t en MPC(40) in 
a 1 0 - m i n p e r i o d (5 m i n of s a m p l i n g t i m e and 5 m i n of count ing t i m e ) . 

The uni t h a s b e e n in i n t e r m i t t e n t u s e a t Z P R - I I I s i n c e e a r l y 
1960. No s ign i f i can t m a i n t e n a n c e p r o b l e m s have been e n c o u n t e r e d . 

A s e c o n d i m p a c t o r m o n i t o r was r e c e n t l y p u r c h a s e d f r o m a 
c o m m e r c i a l v e n d o r . The uni t i s m e c h a n i c a l l y s i m i l a r t o the uni t d e s c r i b e d 
by C o l l i n s , ( ^ ^ ) which u s e s 3 - i n . - w i d e m a s k i n g t ape a s an i m p a c t i o n s u r f a c e . 
D r i v e i s c o n t i n u o u s a t -j- i n . / m i n . The d e t e c t o r i s an a lpha s c i n t i l l a t i o n 
c o u n t e r u t i l i z i n g a ZnS p h o s p h o r on a s t a n d a r d p h o t o m u l t i p l i e r . De lay 
b e t w e e n the s a m p l i n g h e a d and the d e t e c t o r i s a p p r o x i m a t e l y 4 m i n . An 
a d e q u a t e e v a l u a t i o n of the uni t had not b e e n m a d e p r i o r t o p r e p a r a t i o n of 
t h i s r e p o r t . 

3 . E x p e r i m e n t a l Da ta on I m p a c t i o n Uni ts 

D. C. S t e v e n s r e p o r t s s o m e w o r k done a t H a r w e l l wi th an i m ­
pactor . (^ '^^ He found t h a t r a d o n - t h o r o n d a u g h t e r s w e r e c o l l e c t e d wi th low 
e f f i c i ency (high r e j e c t i o n ) and tha t in m o s t c a s e s the r a d i o a c t i v i t y c o l l e c t e d 
on the i m p a c t i o n s u r f a c e was l e s s than 5 d i s / m i n - m ^ ( c o n s i d e r i n g r a d o n -
t h o r o n d a u g h t e r s on ly) . 



Similar work was done at EBR-II with an impactor made m 
our own shop facility. The operational character is t ics of this unit a re 
similar to those reported for the Tait and Stevens units. Results with 
85 samples, the majority being atmospheric, taken m the EBR-II a rea 
(prior to reactor operation) averaged 19.6 dis/min-m^ of alpha-emitt ing 
radon-thoron daughters. Of the 85 samples, 15 exceeded 30 d i s / m m - m . 
The highest activity recorded was 210 d i s /min -m^ found on a sample 
taken on January 9, 1963. It is noted that the period covered by these 
samples was characterized by local inversion conditions of unusual mag­
nitude, with attendant high concentrations of radon-thoron daughters. 

4. Conclusions 

An evaluation of the EBR-II data indicates that the unqualified 
use of impaction devices for plutonium aerosol sampling under conditions 
of atmospheric inversion may not be justified. If qualifying res t r ic t ions 
must be placed on the use of the impactor (for example, allowing time for 
decay of radon-thoron daughters), its reported advantages a re largely 
nullified. 

III. ANALYSIS TECHNIQUES FOR PLUTONIUM DETERMINATION 

A facet of the plutonium-aerosol-monitoring program which must 
be considered is that under many circumstances plutonium is used in 
conjunction with uranium and other alpha emi t te rs . In all of the monitoring 
systems and procedures previously noted, all long-Tived alpha activity must 
be presumed to be emanating from plutonium because these systems are 
basically incapable of making a clear distinction between uranium and 
plutonium. In the majority of circumstances, this is not expected to be an 
insuperable problem. However, conditions could conceivably occur which 
would be acceptable if the contaminant were uranium, but unacceptable if 
the contaminant were plutonium. 

A. Chemical Separation 

It is possible to dissolve the sample-collection media, chemically 
make a separation of plutonium from uranium, and run a radioactivity 
analysis for either uranium or plutonium. The method is not suitable for 
routine operations or when the quantities of mater ia l a re small . As a 
further complication, the sampling media best suited for radioactivity-
counting procedures are not compatible wdth chemical separation techniques. 
This system has a further disadvantage in that the sample is destroyed in 
the chemical separation process and is not available for subsequent counting. 
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B. Alpha-part icle Pulse-height Analysis 

Pulse-height techniques have been applied to plutonium-uranium 
analysis at the ANL-Idaho facil i t ies, but they are not readily applicable to 
routine aerosol monitoring because they are complex and t ime-consuming. 
However, under some c i rcumstances they may be the only means of informa­
tion or identification. 

The devices noted below are assigned to the ZPR-III physics counting 
group. Analyses for health physics purposes must be requested from this 
group. Similar serv ices are provided by the AEC-IDO Analysis Branch. 

1. The Fr i sch Grid Chamber 

A device of p r imary interest as a health physics tool is the 
"Frisch Grid Chamber ." The detector is basically a windowless ion 
chamber, i .e . , the sample is placed inside the sensitive volume of the 
detector . A screen grid, positively charged, is located below the collector 
anode to reduce space-charge effects and reduce t ime-constant considera­
tions. The output pulses from the system are proportional to the number 
of ion pai rs formed. The manufacturer claims 33% efficiency with 2% 
resolution and negligible background. This instrument is a recent acquisi­
tion. In theory, it is capable of resolving the 5.147-Mev and 5.097-Mev 
alphas from P u " ' in the presence of such emanations as the 5.998-, 
5.505-, and 7.680-Mev alphas from radon daughters or the 4.195-Mev alpha 
from U " ' . 

As applied to aerosol samples , the Fr i sch Grid Chamber is r e ­
portedly capable of resolving alpha peaks from samples containing less than 
10% of MPC(40) of plutonium alphas. 

2. Solid-state Detectors 

Solid-state detectors have been used in alpha pulse-height anal­
ysis to identify plutonium and other alpha emi t t e r s , and some experimental 
work has been done at ANL-Idaho in an effort to apply this technique to the 
analysis of air sainples. The ZPR-III reactor physics counting group did 
some pre l iminary evaluation of a number of solid-state de tec tors . Their 
best resu l t s were obtained with a unit with a 2 .2-cm-diameter effective 
a r ea . To maintain a minimum resolution of less than 100 kev, it was nec­
e s s a r y to position the detector surface 7.0 cm from the sample surface. 
The detector was very nearly 100% efficient for all alphas reaching the 
detection surface, but geometric considerations reduced the relative ef­
ficiency in this configuration to approximately 6%, with resolution quoted 
as 78 kev at 5 Mev. 



There is no practical limit to the size in which solid-state 
detectors can be made; however, resolution falls off as size is increased, 
to the point where large surface detectors become useless as pulse-
analysis devices. The physics counting group believes that the 2 .2-cm-
diameter unit is about as large as can be profitably operated as a 
pulse-height analyzer, at least in the present state of the ar t . This device 
could be satisfactorily used with very "hot" samples, but does not have 
the sensitivity and resolution of the Fr isch Grid Chamber. The unit must 
be operated under vacuum. 

IV. THE ANL-IDAHO MONITORING PROGRAM 

The operational plutonium aerosol monitoring program at the ANL-
Idaho Facilities is divided into three phases; the coverages provided under 
each are described below. 

A. Continuous Monitoring and Sampling 

Continuous monitoring and sampling is provided in all a r eas where 
plutonium is present. Minimum coverage is considered to be a continuous 
"self-monitoring" sampler (either a conventional alpha air monitor or a 
ratio detection monitor), supplemented by one or more conventional a i r 
samplers . Monitoring units are inspected daily for proper operation. All 
monitors are equipped with chart recorders . All charts are kept as a 
permanent record. Fil ters are removed from monitoring units and rou­
tinely counted as a double check on the monitor 's detection and recording 
system. 

The conventional air-sampling units used for this phase of the p r o ­
gram are continuously operating devices sampling at relatively low flow 
ra tes . Typical units sample room air at 2 cfm on 2- in . -diameter HV-70 
or Millipore fil ters. Samples are removed daily, Monday through Friday, 
and counted for alpha and beta-gamma activities. 

B. Special Operation Monitoring and Sampling 

All operations involving the handling, t ransfer , examination, or in­
ventory of plutonium are monitored for release of plutonium aerosols by 
moving one of the continuous monitoring devices to the vicinity of the 
operation. At other t imes, special-purpose monitors and samplers may 
be used. Minimum coverage is considered to be provided by one continuous 
monitor supplemented by one or more conventional a i r samplers or 
special-purpose monitors. 
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The a i r samplers used for the purposes noted here may be either 
low-flow-rate devices as noted in the previous section, or high-volume 
types. The lat ter a re prefer red when a specific operation is of short 
duration, for then adequate volumes may be sampled in a brief period. 

The low-flow-rate samplers utilize carbon-vane vacuum pumps 
and normally operate at flow ra tes of 1 to 2 cfm. 

The high-volume or high-flow-rate samplers a re high-speed 
metal-vane or rotary posi t ive-displacement devices. Sampling flow 
ra tes a re dependent on the physical size of the filter, the type of filter, 
and the power rating of the unit. Depending on the unit and filter used, 
flow ra tes are on the order of 8 to 40 cfm. 

One example of a special-purpose monitor is an experimental 
"sniffer." This unit, built in the Idaho Division Health Physics section's 
instrument shop, consists of a portable alpha survey mete r coupled with 
an a i r -sampl ing device to provide a portable unit capable of measuring 
alpha par t ic les simultaneously with deposition on the paper filter. Air 
is drawn through the filter at a rate of 1 0 to 30 cfm. The unit is provided 
with a "snout" to enable it to probe cavit ies, openings, and inaccessible 
a r e a s . 

C. Emergency Sampling 

If it is known or suspected that a plutonium aerosol release has 
occurred in an a rea , either through alarming of the continuous monitor or 
as a resul t of a f i re , explosion, or other catastrophic incident, high-volume-
type air samplers a re used to collect samples for analysis. Portable high-
volume samplers a re located in each a rea and are maintained in a state of 
readiness , i .e. , filter in place and covered with an easily removable, im­
pervious cap or shield to prevent cross-contaminat ion prior to actual use. 
Completely portable sample r s , with self-contained power supplies, are 
available on short notice from the AEC-IDO Health Physics monitoring 
group. 

D. Supplemental Procedures 

Sample media from conventional air sample r s , from the continuous 
moni tors , and from impaction samplers are routinely counted for both 
alpha and beta-gamma act ivi t ies . Discriminating counters are used to 
count for gross alpha and for gross beta-gamma. Alpha counters are cali­
brated against plutonium standards. Beta-gamma counters are calibrated 
against Radium D, E, F (combined) s tandards. The standards used are 
"secondary" s tandards, prepared and calibrated by the background counting 
group of Argonne's Industrial Hygiene and Safety Division. All counters in 
regular use a re calibrated daily for yield or geometry and for residual 
background. 
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Long-lived residual alpha activity, i.e., activity remammg after 
7-day decay, is assumed to be plutonium, unless positive isotopic or 
chemical identification is made. Current operating procedure requires 
isotopic identification on all samples having long-lived residual gross 
alpha activity greater than 50% of MPC(40) for plutonium after 7 or more 
days of decay time. Identification is made by pulse-height analysis tech­
niques (noted in Section IIIB). Analyses are available through the ZPR-III 
Physics Counting Group or through the AEC-IDO Analysis Branch, located 
at Central Facilities Area at the NRTS. 

All gross counts and/or isotopic analyses are entered in the pe r ­
manent record files of the Health Physics section. All gross counts with 
long half-life alpha activity exceeding 10% of MPC(40) for plutonium and 
all positive isotopic analyses for plutonium are itemized in the section 
monthly report. 

Supplementary monitoring of total body plutonium intake is provided 
by routine urinalysis. This service is provided by the AEC-IDO Analysis 
Branch at the NRTS. 
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APPENDIX A 

ISOTOPIC COMPOSITION AND CALCULATED SPECIFIC ACTIVITIES 
OF PLUTONIUM OBTAINED BY IRRADIATION OF URANIUM-238 

[ A f t e r S t e i n d l e r ( l 5 ) ] 
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nvt 

5 x 1 0 " 

2 x 10^° 

2 x 10^' 

1 X 1 0 " 

F r a c t i o n of To ta l P l u t o n i u m 

P u " « 

0.17 X 1 0 " ' 

3.2 X 10" ' 

136 X 1 0 - ' 

4340 X 1 0 - ' 

p^239 

0.9939 

0.9665 

0.6917 

0.406 

P u " ° 

6.08 X 10" ' 

0.0323 

0.Z34 

0.262 

P u " ' 

5.19 X 10-5 

1.15 X 1 0 - ' 

0.058 

0.098 

Pu2« 

0 

2.18 X 10-^ 

0.016 

0.230 

Ca lcu la ted 
Specific 
Act iv i ty 

( d i s / m i n - g ) 

1.38 X l O " 

1.48 X 1 0 " 

2.17 X 1 0 " 

3.56 X 1 0 " 

(Note: The spec i f ic a c t i v i t i e s given above w e r e b a s e d on a f o r m u l a in the 
R a d i o l o g i c a l Hea l th Handbook l lo ) and on the p e r c e n t a g e quan t i t i e s 
of e a c h i so tope p r e s e n t in a g iven m i x t u r e . The uni t d i s / m i n - g was 
u s e d for conven ience in app l i ca t i ons to a i r - m o n i t o r i n g and - s a m p l i n g 
p r o b l e m s . ) 



APPENDIX B 

DESCRIPTION OF PLUTONIUM-FUELED REACTORS AT ANL-IDAHO 

A. ZPR-III 

1. Reactor. The fast zero-power reactor experiment (ZPR-III) 
is a device to obtain neutron physics information necessary for the design 
of fast power breeder reac tors . ZPR-III is a flexible r e sea rch tool and 
may be used with a wide variety of fuels. Current r e sea rch projects at 
ZPR-III are concerned with plutonium. 

2. Fuel. The ZPR-III plutonium fuel is in the form of thin flat 
plates ofaPu-1.1 w/o Al alloy. The plates are nickel-coated and are sealed 
in a welded, stainless steel jacket. The ZPR-III fuel is assembled in 
metal drawers in which plates of fuel are inserted together with plates or 
slugs of other mater ia ls to simulate reactor core configurations. Inasmuch 
as ZPR-III operates at essentially zero power, buildup of fission products 
in the fuel is not significant under normal operating conditions. 

Operational procedures at ZPR-III require frequent manual 
handling of the fuel and frequent t ransfers of the fuel from storage to fuel 
assemblies and back to storage. All of these operations are conducted in 
air and without shielding. Certain of these operations are conducted with­
in hoods and others within areas of personnel occupancy. The frequency of 
potential exposure is high. All procedures in which plutonium fuel is used 
are monitored constantly by techniques which are intentionally redundant. 

B. The EBR-I, Mark IV Core 

1. Reactor. The Experimental Breeder Reactor I is a fast, un-
moderated, power breeder reactor operating at a nominal power level of 
1 Mwt. Heat produced in the core is removed by a NaK alloy coolant and 
may be dissipated to the atmosphere or utilized to produce steam, which 
may in turn be used to drive a steam turbine-generator for power 
production. 

2. Fuel. The EBR-I, Mark IV plutonium fuel is in the form of 
cylindrical slugs of a Pu-10 a/o Al alloy. A typical basic fuel rod is 
composed of a Zircaloy-2 tubular jacket filled with six slugs, of which the 
upper and lower are of depeleted uranium. The center core section is 
composed of four Pu-Al alloy slugs. The jacket is filled with NaK for 
thermal bonding. (1'') 

Pr ior to installation in the EBR-I, Mark IV core, the fuel rods 
may be handled manually for short periods for purposes of inspection, in­
ventory, and loading. After irradiation in the core, all fuel must be 
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handled by remote techniques. All handling procedures occurring both be­
fore and after use in the reactor are thoroughly monitored by techniques 
noted in the main body of this report . 

As of the date of preparat ion of this report , EBR-1, Mark IV, 
was in routine operation. To date no measurable plutonium aerosols have 
been produced nor has any escape of plutonium from the reactor or from 
individual fuel rods been detected. 

C. EBR-II 

1. Reactor . The Experimental Breeder Reactor II is a fast, un-
moderated, sodium-cooled power breeder reactor , with a design power 
rating of 62.5 Mwt. Electr ic generating capacity is 20 Mwe. EBR-II was 
conceived as an integrated power plant and fuel-reprocessing facility. A 
pyrometal lurgical processing plant will receive the spent fuel, remove 
cer ta in fission products, and reform the purified fuel into rods and sub­
assemblies to be returned to the reactor for further use. 

2. Fuel . The f i rs t core of EBR-II uses an alloy of 50% enriched 
uranium plus 5 w/o synthetic fission products. A second core has been 
proposed for EBR-II, to consist of plutonium as the fissile mater ia l alloyed 
with uranium and synthetic fission products. One proposed alloy is: 
U-20 w/o Pu-10 w/o synthetic fission products. Individual fuel rods would 
be stainless steel tubes containing slugs of fuel and fertile mater ia l , and 
filled with sodium for thermal bonding. It is reported that the addition of 
the synthetic fission products (used to avoid large changes in alloy composi­
tion with each fuel cycle) reduces or eliminates the pyrophoricity 
problem.(1°/ 

D. The Fas t Reactor Test Facili ty (FARET) 

1. Reactor . The Fas t Reactor Test Facili ty (FARET) is a fast 
reactor facility tentatively proposed for construction at the EBR-II area 
of the NRTS. FARET is an experimental facility for (1) high-temperature 
and high power-density performance tes ts of advanced fast reactor cores 
and (2) physics experiments for the evaluation of the neutronics and dy­
namics of core sys tems. FARET will operate at power levels up to 50 Mwt 
and at core tempera tures up to 1,200°F (650°C). The coolant is sodium. 

2. Fuel . The fuels proposed for use in FARET are pr imar i ly 
ce ramics , such as the oxides, carbides , sulfides, and nitr ides of uranium 
and plutonium. The initial loading is scheduled to consist of a uranium 
ce ramic . Subsequent loadings will contain plutonium. The physical and 
radiological charac te r i s t i cs of the aerosols of these mater ia ls a re largely 
unknown. 
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E. The Zero Power Plutonium Reactor (ZPPR) 

1 Reactor The Zero Power Plutonium Reactor (ZPPR) is a 
facility proposed for construction by the Argonne National Laboratory at 
the EBR-II area of the NRTS. The purpose of ZPPR is the study oime 
reactor physics of large plutonium-fueled fast power reac tors ZPPR is 
essentially an advanced, enlarged version of ZPR-III. All bmldmg facil­
ities are designed for the use of plutonium fuels. 

2 Fuel. ZPPR has an extremely flexible fuel-loading capability. 
Fuel assemblies will consist of metal drawers containing plates or slugs 
of fuel and other materials used in the construction of r eac to r s . Fuels to 
be studied will include plutonium metal alloys, and PuO^ and PuC ce ramics . 
All Plutonium fuel plates or slugs will be jacketed to reduce contamination 
to a minimum. 
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APPENDIX C 

DIAGRAMS AND PHOTOGRAPHS OF SAMPLING 
AND MONITORING DEVICES 

The diagrams and photographs in this Appendix are concerned with 
the locally originated or modified units discussed in the main body of this 
report . 

Ratio Air Monitor 

The following diagrams show local modifications of the ratio moni­
tor described in Section D, 1, of this report . 

^ ^ r J ^ l n 
A — B — C E -- F 

w 
L ^ 

KEY 

A DETECTOR 
8 PREAMPLIFIER 
C PULSE SORTER 
D COUNT RATEMETER 

E RATIO CIRCUIT 
F ALARM 

1 BETA-GAMMA CHANNEL 

2 ALPHA CHANNEL 

Fig. C-1 . Block Diagram of Modified Ratio Air Monitor 

r 
"AiR iiPi 

c 
FILTER HOLDER 
AND DETECTOR 

ASSEMBLY 

J FLOW 1 1 
( ^ METER 1 1 

AIR OUT 

VACUUM 
POWER UNIT 

AIR FLOW 
CONTROL 

Fig. C-2. Block Diagram of Air Flow System, 
Modified Ratio Air Monitor 



AK- 1 Cont inuous Alpha Ai r Moni tor 

The AK-1 is a cont inuous ly ope ra t i ng , a l p h a - d e t e c t i n g , p a r t i c u l a t e 
a i r m o n i t o r of convent iona l des ign . It was conce ived a s a h i g h - l e v e l m o m -
to r for u s e in p lu ton ium o p e r a t i o n s in the v ic in i ty of o p e r a t i n g n u c l e a r r e ­
a c t o r s . Des ign c o n s i d e r a t i o n s inc luded the following i t e m s : 

a. Unit should be r e l a t i ve ly i n s e n s i t i v e to v a r i a t i o n s of the a m b i e n t 
g a m m a - r a d i a t i o n backg round and to a c c u m u l a t i o n of b e t a -
g a m m a emi t t ing p a r t i c u l a t e s . 

b . Unit should have a s t ab le p r e d i c t a b l e r e s p o n s e and l o n g - t e r m 
r e l i ab i l i t y . F a l s e a l a r m s should be m i n i m a l . 

c. Unit should be capable of ope ra t i ng una t t ended for e x t e n d e d 

p e r i o d s of t i m e . 

d. Unit should s ample r o o m a i r at a r a t e of not l e s s than I S m y h r . 

e. Unit should use convent iona l , c o m m e r c i a l l y a v a i l a b l e c o m p o n e n t s 
w h e r e v e r p o s s i b l e . 

f. Unit should be c o n s t r u c t e d at a m i n i m u m c o s t . 

The bas i c unit c o n s i s t s of a s ampl ing s y s t e m , co l l ec t i ng a e r o s o l s 
on HV-70 f i l te r paper at a r a t e of 0.2 5 m ' / m i n , and a de t ec t i on s y s t e m , 
c o m p o s e d of a t e n - w i r e , gas- f low p r o p o r t i o n a l p r o b e , feeding into a s e n s i ­
t ive p r e a m p l i f i e r and a c o m p a c t c o u n t - r a t e m e t e r . An a l a r m i s p r o v i d e d by 
a r e l a y m e t e r in the c o u n t - r a t e - m e t e r c i r c u i t and an e l e c t r i c b u z z e r . P r o ­
v i s ion is m a d e for r e m o t e a l a r m . Output f r o m the c o u n t - r a t e m e t e r i s r e ­
c o r d e d on a s t r i p - c h a r t r e c o r d e r . Cont ro l s y s t e m s a r e p r o v i d e d for c o n t r o l 
of a i r flow r a t e and de tec to r gas flow. 

The en t i r e s y s t e m is c a r t mounted and i s w h e e l - p o r t a b l e . The uni t 
shown in the photographs was subsequen t ly modi f ied by moun t ing the coun t ­
ing gas cy l inder on the c a r t for full mobi l i ty . 

The unit has been ve ry s tab le in o p e r a t i o n and a l l c o m p o n e n t s have 
been s a t i s f ac to ry under long t e r m cont inuous u s e . C a r b o n b r u s h e s on the 
vacuum power unit m u s t be r e p l a c e d a t a p p r o x i m a t e l y 90 -day i n t e r v a l s . 
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P-IO 
GAS 

CONTROL 

ALARM 

MOTOR 
CONTROL 

PRE-AMP 

1 
COUNT RATE 
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1 
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F i g . C - 3 

Block D i a g r a m of Cont inuous Alpha A i r 
Moni to r - High L e v e l - Model A K - 1 





F i g . C-5 

"SNIFFER" Alpha Air Monitor 

The "SNIFFER" was des igned for the r a p i d d e t e c t i o n of a l p h a -
emi t t ing p a r t i c u l a t e a e r o s o l s in a r e a s or p l a c e s w h e r e i t would be i m p o s ­
sible or i m p r a c t i c a l to use convent ional a i r m o n i t o r s . The o r i g i n a l 
appl ica t ion was the mon i to r ing of c r e v i c e s and open ings in p l u t o n i u m -
t r a n s f e r c a s k s , but this has been ex tended to inc lude the m o n i t o r i n g of 
s m a l l i n a c c e s s i b l e a r e a s , duc t s , and openings w h e r e c o n t a m i n a t i o n of a i r 
by p lu tonium is suspec ted . 

The unit is b a s i c a l l y a po r t ab l e a i r s a m p l e r coupled to an E b e r l i n e 
P A C - 3 G por tab le a lpha mon i to r . Air i s d r a w n t h r o u g h a " snou t " c o n s i s t ­
ing of a length of m e t a l tubing, and is depos i t ed on a 2 x 8- in . HV-70 
f i l t e r . A gas- f low, a l p h a - s e n s i t i v e d e t e c t o r i s m o u n t e d above the f i l t e r 
pape r co l lec t ion s u r f a c e . C a l i b r a t e d eff ic iency of the d e t e c t o r i s 
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approximately 45% for plutonium alphas. A Pu" ' - a lpha calibration source 
is built into the detection-filter assembly. A flexible hose was used to 
connect the vacuum power unit to the sampler for mobility. 

The "SNIFFER" is designed as a "go or no go" device for qualita­
tive identification or detection of airborne alpha activity. In an atmosphere 
containing 4,400 dis /min-m^ [1,000 x MPC(40) for plutonium] of an alpha 
emit ter , the filter will accumulate approximately 1,100 dis /min (alpha) per 
minute of sampling. At a detector efficiency of approximately 45%, the 
meter would indicate 490 to 500 cpm at the end of the first minute of 
sampling. For greater or lesser concentrations, response is proportional 
to relat ive concentration. 

Radon-thoron daughters will accumulate on the filter and must be 
discounted when evaluating the meter readout. 

Fig. C-6. "SNIFFER" - A Portable Unit for Detection 
of Alpha-emitting Aerosols 
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APPENDIX D 

GLOSSARY 

Some of the te rms used in this report are based on local or ANL 
usage and may not conform to te rms used elsewhere. The following defi­
nitions are offered in the interest of subject clarity. 

AEROSOL is a term which may be applied to any dispersion of solid or 
liquid particles of microscopic size in gaseous media. Plutonium 
aerosols , in the sense used in this report, a re dispersions of solid 
particles of plutonium or plutonium compounds in air . 

AIR SAMPLING is the process of collecting samples of a i r by any of sev­
era l methods. The samples collected are analyzed or counted at 
some location separate from the sampling unit. 

AIR MONITORING is the process of simultaneously collecting and counting 
an air sample. The air monitors described in this repor t are self-
contained units, i.e., sample collection, detection, counting, and 
recording are all provided as functions of a single unit. 

ANL-IDAHO denotes the Argonne National Laboratory 's Idaho Faci l i t ies , 
located on the National Reactor Testing Station in Idaho. 

CONSTANT monitoring or sampling devices are operated on an essentially 
continuous basis . Spot or grab sampling or monitoring implies 
shor t - term operation, i.e., periods ranging from seconds up to 
several hours. 

LOW LEVELS of plutonium aerosols are considered to be those concen­
trations ranging from zero to 100% of MPC(40). High levels of 
plutonium aerosols are considered to be those concentrations in 
excess of 100% of MPC(40). 

NRTS is the abbreviation of the National Reactor Testing Station. The 
NRTS is located west of the city of Idaho Fa l l s , Idaho. 

Ra-DEF refers to a mixture of radioactive mater ia l , used as a "secondary" 
counting standard. It is an equilibrium radium decay-product 
mater ia l consisting of Radium-D (Pb^'°), Radium-E (Bi^'"), and 
Radium-F (Po^'°). 

THORON (Tn) is a name frequently applied to the isotope g^Rn^^". Its 
precursors are ggRa"^ (Thorium-X) and ,oTh^^^ (RdTh). It is used 
in this report to imply its origin from thorium. 
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